Hydrogen peroxide inhibits alveolar macrophage 5-lipoxygenase metabolism in association with depletion of ATP.
We have previously shown that the biologically important reactive oxygen metabolite hydrogen peroxide (H2O2) stimulates arachidonic acid (AA) release and thromboxane A2 synthesis in the rat alveolar macrophage. We have now investigated the effects of H2O2 on alveolar macrophage 5-lipoxygenase metabolism. H2O2 failed to stimulate detectable synthesis of leukotriene B4, leukotriene C4, or 5-hydroxyeicosatetraenoic acid (5-HETE) as determined by reverse-phase high performance liquid chromatography (RP-HPLC) and sensitive radioimmunoassays (RIAs). This was not explained by oxidative degradation of leukotrienes by H2O2 at the concentrations used. Moreover, RIA and RP-HPLC analyses demonstrated that H2O2 dose-dependently inhibited synthesis of leukotriene B4, leukotriene C4, and 5-HETE induced by the agonists A23187 (10 microM) and zymosan (100 micrograms/ml), over the same concentration range at which it augmented synthesis of the cyclooxygenase products thromboxane A2 and 12-hydroxy-5,8,10-heptadecatrienoic acid. Four lines of evidence suggested that H2O2 inhibited alveolar macrophage leukotriene and 5-HETE synthesis by depleting cellular ATP, a cofactor for 5-lipoxygenase. 1) H2O2 depleted ATP in A23187- and zymosan-stimulated alveolar macrophages with a dose dependence very similar to that for inhibition of agonist-induced leukotriene synthesis. 2) The time courses of ATP depletion and inhibition of leukotriene B4 synthesis by H2O2 were compatible with a rate-limiting effect of ATP on leukotriene synthesis in H2O2-exposed cultures. 3) Treatment of alveolar macrophages with the electron transport inhibitor antimycin A prior to A23187 stimulation depleted ATP and inhibited leukotriene B4 and C4 synthesis to equivalent degrees, while thromboxane A2 production was spared. 4) Incubation with the ATP precursors inosine plus phosphate attenuated both ATP depletion and inhibition of leukotriene B4 and C4 synthesis in alveolar macrophages stimulated with A23187 in the presence of H2O2. Our results show that H2O2 has the capacity to act both as an agonist for macrophage AA metabolism, and as a selective inhibitor of the 5-lipoxygenase pathway, probably as a result of its ability to deplete ATP. Depletion of cellular energy stores by oxidants generated during inflammation in vivo may be a means by which the inflammatory response is self-limited.